Purpose: In Mali, epilepsy affects 15 individuals per thousand. Perceptions and attitudes have not seemingly evolved with advancing medical knowledge. The objective of this study was to assess parental beliefs and attitudes in families with and without affected children. Methods: We enrolled 720 pediatric patients, half of whom had epilepsy, at Mali's largest hospital. We conducted semistructured interviews with the accompanying parent. Control families with unaffected patients and also had affected children were excluded. Results: In total, 67% and 24% of families with and without epilepsy, respectively, lived in rural environments. Interviewees were mostly mothers in their 30s; 80% had not completed high school. About 22% of parents without an affected child had witnessed a seizure. During a seizure, 94% of parents with an affected child and 49% of parents without an affected child, respectively, would intervene; 7.5% and 21%, respectively, would wet the patient's face with cool water. Although parents with an affected child had more intimate knowledge of seizures, misconceptions prevailed, perhaps more so than in families without epilepsy: 79% and 66% of parents, respectively, considered epilepsy contagious; 43% vs. 69% thought that it inevitably led to psychosis; and 53% vs. 29% attributed epilepsy to supernatural causes. Finally, 63% of parents with an affected child reported consulting a traditional healer as first-line management for epilepsy. Conclusions: Our study demonstrates widespread misconceptions in Mali regarding epilepsy. Our findings argue for more education initiatives focused on the entire population, including traditional healers, to provide knowledge, reduce stigma, and improve quality of life for individuals living with epilepsy.
Introduction
According to the World Health Organization, up to 94% of individuals with epilepsy in developing countries do not receive adequate treatment [1] , resulting in a higher prevalence of active and lifetime epilepsy in those areas [2] . Lack of adequate treatment is, in part, due to incorrect beliefs and stigma associated with witchcraft and curses that have not evolved in the last half-century in Africa despite advances in scientific knowledge [3] [4] [5] [6] [7] [8] . These perceptions and apprehensions vary by country and social context and may limit the implementation of individual or collective strategies to improve the quality of life of people living with epilepsy [9] [10] [11] [12] . In Mali, high levels of illiteracy, lack of basic health education, and an absence of accurate information may combine to compromise the overall management of patients with epilepsy [4] . Clinical management is further impeded by obstacles related to low priorities on the part of governmental health authorities, poor health-care infrastructure, lack of or an irregular supply of seizure medication, high cost of available medications other than phenobarbital, inadequate social security, uneven geographical distribution of health-care centers, and shortage of qualified health-care professionals [13, 14] . Mali, for example, has only two certified neurologists for a population of 13 million people, and both work in Bamako. Because of its chronic nature and high prevalence, epilepsy represents a major public health challenge in these countries with important socioeconomic consequences [15] .
Many people affected by epilepsy in Mali live hidden in the shadows because of social stigmatization [4] . An initiative was, therefore, launched by RARE (Réseau action-recherche sur l'épilepsie) in 1999 and extended in 2003 in Mali to bring primary physicians closer to rural communities and to provide inexpensive seizure medication. Compliance with treatment was subsequently evaluated, but the underlying attitudes in the community at large were not assessed [16] . In a preliminary study, we found that 49% of 423 families with children in an urban hospital and outpatient clinic thought that epilepsy was brought on by supernatural powers, and 59% considered the disorder contagious [17] . As only 15% of the parents in our sample had children with epilepsy, we wished to extend our research to a larger sample, half of which would represent families with affected children. Our main objective was, therefore, to further evaluate the knowledge and attitudes of parents in Mali while assessing whether these differed depending on whether the family had an affected child or not. Our ultimate goal was to document the need for a focused global education strategy, complementing efforts by RARE, to raise epilepsy awareness such that those in need of medical treatment might aspire to actively seeking and receiving it.
Methods

Participants
We conducted a questionnaire-based survey in 2007-2008, interviewing parents of children seen at the Gabriel Touré Hospital in Bamako, the capital of Mali. Gabriel Touré is the largest medical facility in Mali, a tertiary pediatric medical facility and teaching hospital. The study protocol was approved by the Institutional Review Board of the National Research in Public Heath Institute (INRSP, Institut National de Recherche en Santé Publique) in Bamako, Mali. All participants gave written informed consent.
Parents of children with epilepsy were systematically approached for enrollment during their child's regular consultation if the child was 0-15 years of age and the epilepsy was documented by the hospital's Department of Pediatrics or Neurology or both. Enrollment proceeded in the order of presentation. Parents of children without epilepsy were approached consecutively while their child was either hospitalized in the Department of Pediatrics or visiting a pediatric outpatient clinic for other illnesses; results of a preliminary study had determined that parental knowledge and beliefs were not associated with hospitalization or lack thereof [17] . Further, children in the groups with and without epilepsy were matched for age, sex, and parental level of education. Selection bias was, thus, avoided. For each enrolled child, we interviewed the accompanying parent. Parents in the group without epilepsy were excluded from the study if the interview determined that another of their children had epilepsy. Parents in the group without epilepsy were excluded from the study if, in the interview, we determined that they also had a child with epilepsy.
Questionnaire
Parents were interviewed during their child's hospital stay or outpatient visit by one of two investigators with clinical expertise in epilepsy (YM and MA). Both received the same training in questionnaires and were recruited for both groups. Interviews were semistructured and lasted 20-30 min. Data were collected on individual forms.
The questionnaire was adapted from a longer validated instrument for diagnosing epilepsy in tropical countries [18] that is used in other West African countries with populations similar to Mali's. Our shortened version consisted of 30 questions on sociodemographic characteristics as well as parental beliefs and attitudes regarding epilepsy based on our professional expertise with this population and our experience with its use in a previous study [17] . The questionnaire was translated into Bambara, the most widely spoken national language of Mali, for the benefit of those not fluent in French, the official language. An expert linguist from the National Directorate for Functional Literacy and Applied Linguistics (DNAFLA, Direction nationale de l'alphabétisation fonctionelle et de la linguistique appliquée) assisted in the translation. We tested the Bambara version in a hospital in Fana, another Mali city, for simplicity and completion time. This validation procedure helped us to better tailor questions and reduce their number.
Statistical analysis
Based on the pilot study, we determined the sample size using the Kish formula for survey sampling [17, 19] . A sample size of 358 patients per group was determined to demonstrate statistically significant differences in beliefs, with significance set at P b 0.05.
We analyzed the data using SPSS software, version 12.6 (Chicago, IL). Participants were stratified by age and sex as well as by maternal level of education and socioeconomic status based on family revenue. Chi-square tests were used to compare categorical variables and Student's t-tests to compare quantitative variables. P values less than 0.05 were considered statistically significant.
Results
Participants
We identified 853 pediatric patients, with 381 being affected by epilepsy and 472 being unaffected (Fig. 1) . For all but 10 children with epilepsy who were approached, the accompanying parent was recruited, mainly (87%) from the outpatient clinic. In the nonaffected group, 104 (22%) parents refused to participate, citing mainly lack of time and interest. Perhaps, those with hospitalized children had more disposable time, as reflected in the relatively high percentage of inpatients (46%). Altogether, we enrolled 371 and 368 participants in the groups with and without epilepsy, respectively and, after exclusions, analyzed 360 in each group.
In almost 80% of the cases, the accompanying parent was the mother (mean age 38.8 ± 8.9 vs. 34.1 ± 9.1 years, in the groups with and without epilepsy, respectively). Over 70% did not work outside the home (Table 1 ). Approximately 80% of the parents interviewed had not completed high school. Most families in the group with epilepsy (67%) lived in a rural environment compared with a mainly urban environment (76%) for the group without epilepsy. Nonetheless, 52% of families with epilepsy had an above-average income vs. 45% of those without despite the fact that the latter group was mostly urban.
The enrolled children in the group with epilepsy were slightly younger on average than those in the group without epilepsy (3.5 ± 2 years vs. 5 ± 3 for inpatients and 6 ± 4 years vs. 7 ± 3 for outpatients, respectively). As a group, children with epilepsy came from larger families compared with those without epilepsy (6.5 ± 3.3 vs. 4.7 ± 2.4, respectively), consistent with the greater number of urban families represented in the group without epilepsy.
Beliefs and attitudes
The main source of information regarding epilepsy was significantly different for the two groups. For parents of children with epilepsy, traditional healers (for 27% of the participants) and health-care professionals (for 24% of the participants) provided most of the knowledge, as well as the neighborhood, friends, and relatives (27%), while for parents without affected children, most of the information came from the neighborhood, friends, and relatives (for 51% of the participants), followed by the traditional healer (22%) ( Table 2) . School also played a larger part in the knowledge of those directly affected (19% vs. 9%) probably because the child was, thus, identified. The proportion of parents who heard about epilepsy primarily through the media was consequently very low (3%) in both groups.
While 38% of the parents with children with epilepsy understood that epilepsy was systemic in origin (compared with 68% of the others), fully 52% and 29% of the parents, respectively, believed that the disease was strictly of supernatural or spiritual origin. Significantly, 56% vs. 29%, respectively, thought that epilepsy would not respond to treatment. Importantly, 79% and 66%, respectively, believed it to be a contagious affliction. However, parents of children with epilepsy knew more about the clinical manifestations and precipitating factors. For instance, 16% of the parents with affected children knew of seizures other than generalized tonic-clonic compared with only 5% of the others. It is still noteworthy that 80-95% of the participants thought that epilepsy was always tonic-clonic in presentation. Also, 67% of the parents with affected children were aware that epilepsy could start at any age compared with only half of the parents of children without epilepsy. In addition, more affected families knew that fever was a precipitating factor. However, 20% in both groups thought a full moon and fear to be precipitating factors.
Concerning the long-term outcome, 43% of the parents of children with epilepsy and 69% of the parents without affected children believed in a prognosis of psychosis and 21%, death (Table 2) .
Of all participants interviewed, 96% vs. 22%, respectively, had witnessed at least one epileptic seizure (Table 3) . However, attitudes toward management suggested the need for more education for affected families. For instance, 56% of the affected parents (vs. 29%) thought that epilepsy would not respond to medical treatment. About 28% vs. 10%, respectively, felt that it is important to restrain the patient to prevent seizure progression, and 30% vs. 22% would give medication. Approximately one-quarter of participants in either group would take the patient to a health-care center, whereas 12.5% vs. 19% would contact a traditional healer. Fortunately, most (94%) parents with an affected child would consider first-aid intervention compared with half (49%) of those without an affected child. Such intervention would consist of wetting the patient's face with cool water in 8% and 21% of the respondents in the groups with or without epilepsy, respectively. Almost two-thirds (63%) of parents with an affected child reported seeing a traditional healer as first-line management (data from medical history). When asked why they thought that parents would consult with a traditional healer first, many reasons were given, including cost (high cost of seizure medication and medical visits for 40-45% participants in both groups) and difficulty in finding a doctor and obtaining an appointment (12% for the group with epilepsy and 25% for those without). The ready accessibility of traditional healers accounted for only 11% of replies in the group with epilepsy vs. 24% in the group without epilepsy. Importantly, over one-quarter (28%) of parents of children with epilepsy cited their principal reason as fear of retribution from the spirits for turning to modern medicine, fear of calamity, or fear of a worsening of symptoms with the use of medication.
Discussion
The main findings of this study are that misconceptions regarding epilepsy abound in Mali, as elsewhere [5] [6] [7] 11, 12, 20, 21] . We interviewed two groups of parents, those who had a child with epilepsy and those with unaffected children. Past studies had demonstrated that interviewing only patients with epilepsy could lead to biased results in the sociocultural context of Africa [22] . Sampling a more diverse population gave us a broader view of parental beliefs and attitudes regarding epilepsy. Our study demonstrated that misconceptions were rampant not only in families without epilepsy but also, at a surprisingly high rate, in families with an affected child who had already been seen by a primary caregiver for the condition. As our sample originated in a hospital environment, we can only surmise that medical intervention did not adequately address the issues of misinformation and did not provide adequate education for the family. Having an affected child made a statistically significant difference in most of the variables measured, but, importantly, close to three-quarters of parents in either group believed that epilepsy was contagious (thereby affecting social contacts), and close to half felt that epilepsy inevitably led to psychosis. One-third to one-half of parents attributed epilepsy to supernatural causes. Traditional healers were the main source of information for over 20% of the parents in both groups.
Knowledge about epilepsy and stigmatization
Hand-in-hand with misinformation and unsubstantiated beliefs (as supported by our findings), stigma associated with epilepsy is common in sub-Saharan Africa as well as other parts of the world and has been reported in a number of studies as impacting on quality of life, including Mali [4] [5] [6] [7] . Even in a European country such as Bulgaria, 44% of the interviewed patients with drug/treatment-refractory epilepsy reported stigmatization [20, 21] . The widespread belief in the supernatural causes and "contagious" aspect of the disease, as observed in our findings, would likely serve to alienate affected individuals [4, 6] . Although not mentioned outright (Table 2) , we suspect that fear of stigmatization may explain the reluctance of so many parents in our sample to seek medical attention for seizure intervention and consultations, as the family would, therefore, be identified [4, 6] .
Supernatural causes and witchcraft
Epilepsy has been attributed to supernatural causes and witchcraft including curses and retribution for past behaviors not only in our study (52% and 29% of the families with and without epilepsy, respectively) but also in others in sub-Saharan Africa [5] [6] [7] 10, 11] . Our preliminary study in families with affected children had already indicated a similar number (49%). In a study in rural Tanzania of 59 patients with epilepsy, 62 family members, and 46 villagers, 46.7% believed in the supernatural causes of epilepsy [7] . Understandably, in such a context, the first line of consultation would be the traditional healer, not a medical doctor [5, 6] . A study from Morocco showed that nearly 70% of the patients with epilepsy had visited a healer at least once before arriving at the hospital [23] . In our sample, 63% of the parents with affected children had turned to traditional healers for first-line care.
Although there was no significant difference between our two groups with regard to traditional healers as the main source of information on epilepsy, the principal domains where parents with an affected child were more misinformed than those without affected children were the supernatural and contagion. Given that healers were the primary source of care, subsequent information from the medical professionals, which all these parents ultimately visited, may not have been sufficient to correct misinformation received at the first consultation. Further, instilled fears are difficult to overcome. This may explain the reason why 52% of the parents with an affected child believed in supernatural causes compared with 29% of other parents. Nonetheless, the fact that almost one-third of the nonaffected population harbored this belief reflects it to be a deeply ingrained cultural misconception.
Fear of contagion
The belief that epilepsy is spread by bodily fluids or flatus, promulgated by many traditional healers [6, 10, 11] , limits interaction with affected individuals within the community as well as the willingness of bystanders to offer help when witnessing a seizure. This was confirmed in our sample. Half of participants without epilepsy in the family would not intervene if witnessing a seizure, and only a quarter of parents in either group would contact a health-care center. Almost 80% of parents with children with epilepsy in our sample thought that epilepsy was contagious vs. 66% of others. This unusually high number, particularly after being in the care of a primary care provider, may reflect several cases within the family or may be due to fears advanced by traditional healers [4, 10, 11, 14] . In comparison, in Burkina-Faso, 44% of traditional healers considered epilepsy to be contagious [24] .
Socioeconomic considerations
Because of the unpredictability of uncontrolled seizures, people with epilepsy may be limited in their choice of employment. Families often provide less schooling for children with epilepsy, assuming that the school has not already expelled the child [6, 7] . Men are less likely to marry, and women are less likely to be the first wife [6, 7] . Additionally, women with epilepsy may have problematic pregnancies, adding to their stigmatization. Furthermore, seeking medical care may single out the family to courtesy stigma [4, 6] . While we did not directly assess these considerations, they may impact on the ability to pay for and seek medical care, as, in Mali, medical costs are billable in totality to the detriment of patient and family. Indeed, 45% of the parents in the group with epilepsy cited costs of medication and medical visits as impacting on whether or not to seek medical treatment, as did 40% of those in the group without epilepsy.
The need to educate primary care providers
Our study highlights the need for better education of primary care providers, be they medical professionals or traditional healers, as well as the need for collaboration with traditional healers. Our findings indicate that traditional healers provided primary care for 63% of the families with seizures and constituted the main source of information on epilepsy for 22% to 27% of the population. Traditional healing in Africa incorporates a number of therapeutic approaches (plants, spirits, and magic formulas). Certain medicinal plants used in Mali have shown anticonvulsant properties on analysis [25] ; others, such as bush tea, can lead to severe complications in children [6] . A 2005 study of 10 Zambian traditional healers found that healers understood the importance of history-taking and could distinguish various forms of epilepsy but not between single, sporadic, and provoked episodes [10] . Warnings by healers that bodily secretions caused contagion, however, contributed to isolation of the family [4, 10] . As maternal transmission was considered possible through breast milk, mothers with epilepsy were discouraged from breastfeeding [11] . A 2009 Kenyan study of 8 traditional healers delineated the disorder as invasion by natural spirits, witchcraft casting of spells, and desires of ancestral spirits [11] , as did even some physicians [10] . Exorcizing remedies included herbal baths and contextual references, like the burning of animal dung, blowing air, interaction with spirits and pictures, offerings of animal sacrifices, and the wearing of protective amulets [11] . When unable to treat satisfactorily, healers referred to another healer or, as a last resort, to the medical clinic [10, 11] . The Kenyan study also compared practices of healers with those of 12 health professionals and found that 1) patients considered the time spent with the doctor insufficient compared with personalized and leisurely consultations with the healer; 2) communication and patient involvement in medical treatment was limited; 3) status of medical professionals in the community was impaired by socioeconomic, cultural, and philosophical dissonance with the population; and 4) the medical practice was located in a distant urban center distinct from the community [11] . If strides are to be made toward alleviating family distress and treating epilepsy effectively, it is important to address each of these issues. One priority would be the education of both healers and medical professionals. Another option, in parallel, could be the official recognition of traditional healers and regulation through licensing, as South Africa did in 2004 with its 20,000 traditional healers, integrating them directly into the health-care system [26] .
The need to educate young women
We also believe that young women should be targeted in our educational efforts. The predominance of mothers in our sample reflects the traditional role played by women in Malian society, particularly for the sick child. As in many developing countries, most mothers in our sample had very little formal schooling. The fear of contagion, the assumed supernatural causes of the disorder, the practice of treating a seizure with cool water on the face, and the notion that all seizures are tonic-clonic constitute cause for concern as regards marginalization and stigmatization, adequate recognition of the disorder, and proper treatment. In Bambara, "kirikirimasien" means "agitated" disease; it refers to generalized tonic-clonic epilepsy and has the pejorative connotation of a word not to be pronounced, a person to be "excluded" [4] . In the six national languages of Senegal, the word for seizure means agitation, fall, or faint [27] . Epilepsy was considered unresponsive to treatment by 56% and 29% of parents in our sample, with and without affected children, respectively (P b 0.001). In neighboring Senegal, a 1993 study showed that 40% of the population believed epilepsy to be an incurable disease [27] .
Closing the treatment gap
Studies have suggested that efforts to close the treatment gap must include easier access to clinicians, identification of possible lifestyle changes, and an adequate and inexpensive supply of seizure medication [9] . The RARE campaign begun in 1999 in rural Mali, designed to bring trained general practitioners closer to the community and provide low-cost phenobarbital, showed good results, except for patients with tardive initiation of treatment and a 26% loss to follow-up (due to migrant workers and stigmatization of women) [16] . Because of the lack of neurologists in developing countries, all health-care providers need to be specially trained to improve their diagnostic and intervention skills [8, 9, 16] . Community awareness campaigns and free seizure medication have shown effectiveness in India, Kenya, Ethiopia, and China [9, 28] . However, the present study underscores the importance of ongoing education programs. Over one-quarter of parents of children with epilepsy, as well as half of those without, claimed that most of their knowledge came from neighbors, friends, and relatives. Although certain beliefs were statistically different between the two groups, the misconceptions harbored by a large percentage of the population (including families affected by epilepsy) indicate inadequacies in the previous campaign. Further, as pointed out in an assessment of the RARE initiative, women did not sufficiently adhere to epilepsy treatment, and one reason was the stigma and discrimination that impeded access to health care [8, 16] . It is, therefore, vital to redress community misconceptions and negative attitudes about epilepsy as well as promote early detection and guidance to adherence by teachers, community members, and nursing staff [5] [6] [7] [8] [9] 16, 29, 30] .
Strengths and limitations
This study is the first to document the knowledge, attitudes, and practices of parents in Mali, following the 1999-2003 RARE intervention initiative, while delineating differences between parents with or without a child with epilepsy. These data should help inform consultative and regulatory agencies. One limitation of our study was the difficulty in recruitment, as all health-care costs in Mali are borne by patients and their families. For economic reasons, some patients left the hospital/clinic early before the scheduled interview. These patients were excluded from the study and skewed the sample toward the wealthier families. A major strength of our study is that all families were recruited from the largest pediatric hospital in Mali. The results may then be considered very conservative, the general Malian population not having anywhere near the level of exposure to modern medicine that was evidenced in our sample (particularly the group with epilepsy). Consistent with conservative results, our sample represented a relatively affluent subset of the population (52%, 45%) in keeping with the fact that Malian patients bear all medical costs themselves.
Conclusions
This community survey documents the high level of misconceptions and stigma regarding epilepsy in Mali despite temporal advances in clinical treatment and previous sensitization efforts. Parents demonstrated misunderstandings and false beliefs, whether or not they had a child with epilepsy. Importantly, our study highlights the urgent need to conduct widespread, intensified public education campaigns in the general population, as well as to open channels of communication and collaboration with traditional healers, to whom the population frequently turns for first-line care. The Ministries of Health and Education as well as the newly minted Malian League against Epilepsy have important roles to play in this challenging task.
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